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(57) ABSTRACT

An information processing device includes: a metadata
retaining section retaining metadata of a file formed by a
plurality of data blocks; a correspondence file retaining
section retaining a correspondence file associating informa-
tion identitying a recording location of a data block with
information identifying the metadata retaining section
retaining the metadata of the data block; a change processing
section changing the recording location of the data block;
and an update processing section updating the metadata
retained by the metadata retaining section. The update
processing section refers to the correspondence file, identi-
fies the metadata retaining section retaining the metadata of
the data block whose recording location is changed by the
change processing section, and updates the metadata.

15 Claims, 6 Drawing Sheets
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INFORMATION PROCESSING DEVICE,
PROGRAM, AND RECORDING MEDIUM

BACKGROUND

The present technology relates to an information process-
ing technology managing files, program, and recording
medium.

When the writing and deletion of files are repeated on a
recording disk such as a hard disk or the like, files within the
recording disk are arranged discontinuously, and fragmented
free space thus occurs. As the fragmentation progresses,
continuous free space is reduced, and there occurs a need to
store one file in a state of being divided in two or more
separate free spaces. When such divided storage of files is
increased, a processing load on an operating system (OS) is
increased, and an amount of movement of a drive head
becomes larger. Thus, data reading/writing speed is
decreased. Accordingly, software referred to as a compac-
tion tool has been developed which rearranges files within
the recording disk from a start and thereby eliminates the
fragmentation of free space.

SUMMARY

In a file system, information on recording locations of
files is managed. When the recording location of a file is
changed by execution of the compaction tool, the recording
location managing information needs to be updated to new
recording location information. It has been pointed out that
the execution of the compaction tool in related art takes
time. There is thus a desire to develop a technology that can
perform compaction efficiently.

According to a mode of the present technology, there is
provided an information processing device. The information
processing device includes: a metadata retaining section
retaining metadata of a file formed by a plurality of data
blocks; a correspondence file retaining section retaining a
correspondence file associating information identifying a
recording location of a data block with information identi-
fying the metadata retaining section retaining the metadata
of the data block; a change processing section changing the
recording location of the data block; and an update process-
ing section updating the metadata retained by the metadata
retaining section. The update processing section refers to the
correspondence file, identifies the metadata retaining section
retaining the metadata of the data block whose recording
location is changed by the change processing section, and
updates the metadata.

According to another mode of the present technology,
there is provided a program for a computer, including
referring to a correspondence file associating a block num-
ber of a data block with an inode number of an inode
managing the data block and identifying the inode managing
the data block whose recording location is changed when the
recording location of the data block is changed; updating the
block number of the data block, the block number being
included in the identified inode; and updating the block
number of the data block, the block number being included
in the correspondence file.

According to further another mode of the present tech-
nology, there is provided a computer readable recording
medium for recording a program. The program for the
computer includes referring to a correspondence file asso-
ciating a block number of a data block with an inode number
of an inode managing the data block and identifying the
inode managing the data block whose recording location is
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changed when the recording location of the data block is
changed; updating the block number of the data block, the
block number being included in the identified inode; and
updating the block number of the data block, the block
number being included in the correspondence file.

It is to be noted that arbitrary combinations of the above
constituent elements as well as modes obtained by convert-
ing expressions of the present technology between a method,
a device, a system, a recording medium, a computer pro-
gram, and the like are also effective as modes of the present
technology.

According to the information processing technology in
accordance with the present technology, processing such as
compaction and the like can be performed efficiently.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram showing an information processing
system according to an embodiment of the present technol-
ogy;

FIG. 2 is a diagram showing functional blocks of an
information processing device;

FIG. 3 is a diagram of assistance in explaining a data
structure used addressing data blocks of a file;

FIGS. 4A and 4B are diagrams schematically showing
recording conditions of save data regions in an auxiliary
storage device;

FIG. 5 is a diagram showing an example of a correspon-
dence file for compaction; and

FIG. 6 is a diagram showing a configuration implement-
ing a block managing function of the information processing
device.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 1 shows an information processing system 1 accord-
ing to an embodiment of the present technology.

An information processing device 10 is connected to an
input device 6 operated by a user by radio or wire. The input
device 6 outputs operation information indicating a result of
operation by the user to the information processing device
10. When receiving the operation information from the input
device 6, the information processing device 10 reflects the
operation information in processing of an OS (system soft-
ware) or application software, and makes a result of the
processing output from an output device 4. In the informa-
tion processing system 1, the information processing device
10 is a game device executing game software. The input
device 6 may be a device such as a game controller or the
like supplying the user operation information to the infor-
mation processing device 10. The input device 6 includes a
plurality of input parts such as a plurality of push type
operating buttons, an analog stick allowing an analog quan-
tity to be input, a rotation type button, and the like.

An auxiliary storage device 2 is a mass storage device
such as an HDD (Hard Disk Drive), a flash memory, or the
like. The auxiliary storage device 2 may be an external
storage device connected to the information processing
device 10 by a USB (Universal Serial Bus) or the like, or
may be an internal storage device. The output device 4 may
be a television set including a display outputting an image
and a speaker outputting sound, or may be a computer
display. The output device 4 may be connected to the
information processing device 10 by a wire cable, or may be
connected to the information processing device 10 by radio.
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An access point (hereinafter referred to as an “AP”) 8 has
functions of a wireless access point and a router. The
information processing device 10 is connected to the AP 8
via radio or wire, and can thus be connected to a server on
an external network such as the Internet or the like so as to
be able to communicate with the server.

FIG. 2 is a functional block diagram of the information
processing device 10. The information processing device 10
includes a main power button 20, a power-on LED (Light
Emitting Diode) 21, a standby LED 22, a system controller
24, a clock 26, a device controller 30, a media drive 32, a
USB module 34, a flash memory 36, a wireless communi-
cation module 38, a wire communication module 40, a
subsystem 50, and a main system 60.

The main system 60 includes a main CPU (Central
Processing Unit), a memory as a main storage device and a
memory controller, a GPU (Graphics Processing Unit), and
the like. The GPU is used mainly for arithmetic processing
of a game program. These functions may be constructed as
a system on chip, and thus formed on one chip. The main
CPU has a function of starting the OS and executing game
software recorded in the auxiliary storage device 2 or on a
ROM (Read Only Memory) medium 44 under an environ-
ment provided by the OS.

The subsystem 50 includes a sub-CPU, a memory as a
main storage device and a memory controller, and the like.
The subsystem 50 does not include a GPU. Number of
circuit gates of the sub-CPU is smaller than number of
circuit gates of the main CPU. Power consumption in
operation of the sub-CPU is lower than power consumption
in operation of the main CPU. As described above, the
sub-CPU operates while the main CPU is in a standby state,
and processing functions of the sub-CPU are limited to keep
the power consumption low. Incidentally, the sub-CPU and
the memory may be formed on separate chips.

The main power button 20 is an input part where oper-
ating input from the user is performed. The main power
button 20 is provided to a front surface of a casing of the
information processing device 10. The main power button
20 is operated to turn on or off a supply of power to the main
system 60 of the information processing device 10. Here-
inafter, an on state of a main power supply means that the
main system 60 is in an active state, and an off state of the
main power supply means that the main system 60 is in a
standby state. The power-on LED 21 is lit when the main
power button 20 is turned on. The standby LED 22 is lit
when the main power button 20 is turned off.

The system controller 24 detects the depression of the
main power button 20 by the user. When the main power
button 20 is depressed while the main power supply is in an
off state, the system controller 24 obtains the depressing
operation as a “turn-on instruction.” When the main power
button 20 is depressed while the main power supply is in an
on state, on the other hand, the system controller 24 obtains
the depressing operation as a “turn-off instruction.”

The main CPU has a function of executing a game
program recorded in the auxiliary storage device 2 or on the
ROM medium 44. On the other hand, the sub-CPU does not
have such a function. However, the sub-CPU has a function
of accessing the auxiliary storage device 2 and a function of
transmitting and receiving information to and from the
server on the network. The sub-CPU is configured to have
only such limited processing functions. The sub-CPU can
therefore operate with low power consumption as compared
with the main CPU. These functions of the sub-CPU are
performed while the main CPU is in a standby state.
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The clock 26 is a real-time clock. The clock 26 generates
present date and time information, and supplies the present
date and time information to the system controller 24, the
subsystem 50, and the main system 60.

The device controller 30 is configured as an LSI (Large-
Scale Integrated Circuit) that transfers information between
devices like a Southbridge. As shown in the figure, the
device controller 30 is connected with devices such as the
system controller 24, the media drive 32, the USB module
34, the flash memory 36, the wireless communication mod-
ule 38, the wire communication module 40, the subsystem
50, the main system 60, and the like. The device controller
30 accommodates differences between electrical character-
istics of the respective devices and differences between data
transfer rates, and controls data transfer timing.

The media drive 32 is a drive device that is loaded with
the ROM medium 44 on which application software such as
a game or the like and license information are recorded,
which drives the ROM medium 44, and which reads a
program, data, and the like from the ROM medium 44. In the
following, programs and data may be referred to collectively
as data when the programs and the data are not particularly
distinguished from each other. However, data will be used
also to represent elements constituting files. The ROM
medium 44 is a read-only recording medium such as an
optical disk, a magneto-optical disk, a Blu-ray disk, or the
like.

The USB module 34 is a module connected to an external
device by a USB cable. The USB module 34 may be
connected to the auxiliary storage device 2 by a USB cable.
The flash memory 36 is an auxiliary storage device forming
an internal storage. The wireless communication module 38
performs wireless communication with the input device 6,
for example, under a communication protocol such as a
Bluetooth (registered trademark) protocol, an IEEE802.11
protocol, or the like. Incidentally, the wireless communica-
tion module 38 may support a third-generation (3rd Gen-
eration) digital mobile telephone system compliant with an
IMT-2000 (International Mobile Telecommunication 2000)
standard defined by the ITU (International Telecommunica-
tion Union), or may further support a digital mobile tele-
phone system of another generation. The wire communica-
tion module 40 performs wire communication with an
external device. The wire communication module 40 is
connected to the external network via the AP 8, for example.

The information processing device 10 according to the
present embodiment manages files using a file management
method used in UNIX (registered trademark).

A file is configured with one or a plurality of blocks
allocated thereto. A block is a basic unit for a file system to
transfer data. One block is set to a predetermined data size
(for example 64 Kbytes). For example, a size of a save data
file (hereinafter also referred to simply as “save data™) of a
game is set by the game. When the game sets the save data
size at 320 Kbytes, five blocks are allocated to the save data.
When the game sets the save data size at 1280 Kbytes, 20
blocks are allocated to the save data. Set for each file is an
index table storing one or more recording locations of one or
more data blocks constituting the file.

FIG. 3 is a diagram of assistance in explaining a data
structure used addressing the data blocks of a file. A first
index table at a first level is referred to as an index node
(“inode” for short), and has a total of 15 entries addressing
the data blocks. All files are constituted of an inode and data
blocks. The inode is given an inode number identifying the
file in the file system. The inode has, as attribute informa-
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tion, the inode number, a type of the file, a byte length of the
file, an access right, and the like.

Metadata related to data blocks is recorded in entries of
the inode. Typically, information identifying the recording
locations of the data blocks is recorded as the metadata. This
information may be block numbers that specify a relative
position from a start of a recording disk or a partition, for
example. Incidentally, the information identifying the
recording locations of the data blocks is not limited to block
numbers, but may be for example information such as a
block size calculating a block number, a file offset, or the
like. In addition, the information identifying the recording
locations of the data blocks may be sector numbers of the
recording disk which sector numbers directly identify the
recording locations.

A file name and the inode number (having a meaning as
a pointer to the inode) of the inode managing the file are
retained in association with each other in a data block of a
directory. Hence, when the game program refers to the file
by the file name, a kernel of the OS refers to information of
a directory entry, obtains the inode number corresponding to
the file name, and accesses the file using the block numbers
included in the inode identified by the inode number.

Twelve entries of the inode are used to record the meta-
data of 12 data blocks from a start within the file. Hence,
when the file is formed by 12 or fewer data blocks, the inode
can record the metadata of the data blocks using entries the
number of which is equal to the number of the blocks.

Incidentally, when the file is formed by 13 or more blocks,
index tables at a plurality of levels are necessary. In the
example shown in FIG. 3, the block number of an index
table at a second level (indirect block) is recorded as
metadata in the 13th entry of the inode. The 13th entry of the
inode is linked to the indirect block, and is thus used for
indirect reference in a first stage. The indirect block has 256
entries. Information identifying the recording locations of
data blocks at the second level, or the block numbers of the
data blocks at the second level in this case, are recorded as
metadata in the entries of the indirect block.

The block number of an index table at the second level
(indirect block) linking an index table at a third level (double
indirect block) is recorded as metadata in the 14th entry of
the inode. The block number of the double indirect block is
recorded as metadata in an entry of the indirect block. The
double indirect block has 256 entries. The block numbers of
data blocks at the third level are recorded in the entries of the
double indirect block. The 14th entry of the inode is thus
used for indirect reference in a second stage.

The block number of an index table at the second level
(indirect block) linking an index table at the third level
(double indirect block) linking an index table at a fourth
level (triple indirect block) is recorded as metadata in the
15th entry of the inode. The block number of the double
indirect block is recorded as metadata in an entry of the
indirect block. The block number of the triple indirect block
is recorded as metadata in an entry of the double indirect
block. The triple indirect block has 256 entries. The block
numbers of data blocks at the fourth level are recorded in the
entries of the triple indirect block. The 15th entry of the
inode is thus used for indirect reference in a third stage.

The index tables at the second and subsequent levels may
hereinafter be referred to collectively as indirect blocks.

Hence, when five blocks are allocated to save data, the
save data file is managed by recording the metadata of the
data blocks in five respective entries in the inode. When 20
blocks are allocated to save data, the save data file is
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managed by recording the metadata of the data blocks in 12
entries in the inode and 8 entries in the indirect block.

As described above, each inode is given an inode number
for uniquely identifying the file. Each indirect block is also
given an indirect block number for uniquely identifying each
indirect block. The indirect block has the indirect block
number given to the indirect block as attribute information.
In one file system, an inode number is set so as not to be a
duplicate, and an indirect block number is also set so as not
to be a duplicate. Hence, when the OS specifies an inode
number, the OS can refer to the inode of the inode number,
and when the OS specifies an indirect block number, the OS
can refer to the indirect block of the indirect block number.

FIGS. 4A and 4B schematically show recording condi-
tions of save data regions in the auxiliary storage device 2.
FIG. 4A shows a state in which free space is fragmented.
FIG. 4B shows a state in which the fragmentation of the free
space is eliminated by compaction processing. Incidentally,
horizontally long rectangular regions in FIG. 4A and FIG.
4B schematically represent save data recording regions.
Frames in the horizontally long rectangular regions repre-
sent blocks. Hatched frames represent a state in which data
is recorded. Frames that are not hatched represent a state in
which data is not recorded.

When a compaction tool performs compaction processing
for the save data regions, the recording locations of data
blocks are changed as shown in FIG. 4B. As already
described, the recording locations of data blocks are man-
aged by an inode or an indirect block. Therefore, when
moving a data block, the OS needs to search for the inode
or the indirect block in which the block number of the data
block is recorded, and rewrite the block number. However,
one file system includes a plurality of files. Game software,
in particular, may have a few ten thousand files in some
cases. It thus takes time to search for the inode or the indirect
block in which the metadata of the moved data block is
recorded.

Accordingly, the present embodiment prepares a corre-
spondence file for compaction for a file to be read/written,
and allows the OS to refer to the correspondence file for
compaction and immediately identify an inode or an indirect
block in which metadata is to be updated when moving a
data block to another recording region.

FIG. 5 shows an example of the correspondence file for
compaction.

The correspondence file associates the block number of a
data block with the inode number of an inode or the indirect
block number of an indirect block which inode or indirect
block includes an entry in which the metadata of the data
block is recorded. In the “INODE NUMBER/INDIRECT
BLOCK NUMBER?” of a right item in the correspondence
file, the inode number or the indirect block number is
described, and also information identifying whether the
described number is an inode number or an indirect block
number is described. This identifying information may be
described as a flag value. For example, a flag value 1
indicates that the number is an inode number, and a flag
value 0 indicates that the number is an indirect block
number.

In the correspondence file, the metadata of a data block
recorded at a block number “219,653” is stored in an inode
that retains an inode number “10311” as attribute informa-
tion. In addition, the metadata of a data block recorded at a
block number “220,123” is stored in an indirect block that
retains an indirect block number “42685” as attribute infor-
mation. Hence, when block numbers of a movement source
and a movement destination are determined in compaction
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processing, the OS can identify an inode or an indirect block
storing the block number of the movement source as meta-
data by using the correspondence file, update the block
number of the movement source in the inode or the indirect
block to the block number of the movement destination, and
rewrite the block number of the movement source in the
correspondence file to the block number of the movement
destination.

FIG. 6 shows a configuration implementing a block
managing function of the information processing device 10.
The information processing device 10 includes a processing
part 100 and the auxiliary storage device 2. These constitu-
ent elements are implemented, in terms of hardware com-
ponents, by the CPU of an arbitrary computer, a memory, a
program loaded in the memory, a storage, and the like. In
this case, however, the functional blocks implemented by
cooperation of these components are depicted. Hence, it is to
be understood by those skilled in the art that these functional
blocks can be implemented in various forms by only hard-
ware, only software, or a combination of hardware and
software.

A metadata retaining section 110 retains the metadata of
a file formed by a plurality of data blocks. The metadata
retaining section 110 is an inode and/or an indirect block, or
a recording region storing the inode and/or the indirect
block. The file system according to the present embodiment
has a list of inodes as file system management information.
The metadata retaining section 110 may be the inode list or
a recording region storing the inode list. The metadata
retaining section 110 may also include an indirect block list
or a recording region storing the indirect block list.

A correspondence file retaining section 112 retains the
correspondence file for compaction which correspondence
file is shown in FIG. 5. As already described, the correspon-
dence file associates information identifying the recording
location of a data block with information identifying the
metadata retaining section 110 that retains the metadata of
the data block, and specifically, the correspondence file
associates the block number of a data block with the inode
number of an inode or the indirect block number of an
indirect block which inode or indirect block manages the
data block.

Incidentally, the correspondence file does not need to be
prepared for all data blocks constituting a file system. In a
case of the file system of a game, for example, data groups
constituting game software, such as program files and the
like, are configured as non-rewritable read-only data. There-
fore, when these data groups are recorded at consecutive
block numbers, there is little need to perform compaction
processing. Thus, the data blocks of these data groups may
not be included in the correspondence file. Incidentally,
when game software is downloaded from a network, it is
assumed that there may be a case where a file is stored in a
divided state. Thus, in such a case, the data blocks consti-
tuting the game software may be included in the correspon-
dence file.

A data block storage section 114 stores a plurality of data
blocks. As already described, the block numbers of the data
blocks are described in the inode or the indirect block.

A change processing section 102 changes the recording
location of a data block. For example, a function of the
change processing section 102 may be implemented by a
compaction tool performing compaction processing that
rearranges data blocks recorded in recording regions. Inci-
dentally, this function may also be implemented by a defrag-
mentation tool.
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An update processing section 104 has a function of
updating the metadata retained by the metadata retaining
section 110. This updating function is performed when the
change processing section 102 changes the recording loca-
tion of a data block. Specifically, the update processing
section 104 refers to the correspondence file retained by the
correspondence file retaining section 112, identifies the
metadata retaining section 110 that retains the metadata of
the data block whose recording location is changed by the
change processing section 102, and updates the metadata in
the metadata retaining section 110. The updated metadata
includes at least information identifying the recording loca-
tion of the data block. Specifically, the change processing
section 102 updates the block number indicating the record-
ing location of the data block to the block number of a
change destination.

For example, suppose that the change processing section
102 performs compaction processing, and disposes the data
block of the block number “219,653” at a block number
“210,000.” The change processing section 102 notifies the
update processing section 104 that the data block is moved
from the block number “219,653” to the block number
©210,000.”

Receiving this notification, the update processing section
104 refers to the correspondence file, and identifies the inode
having the inode number “10311” as managing the data
block stored in the recording region of the block number
“219,653.” Next, the update processing section 104 refers to
the inode of the inode number “10311,” identifies an entry
in which the block number “219,653” is recorded, and
updates the block number of the entry to “210,000.”

The update processing section 104 can thus quickly
identify the inode managing the moved data block by using
the correspondence file without searching all inodes.

At the same time as the updating of the metadata, the
update processing section 104 updates the information iden-
tifying the recording location of the data block, that is, the
block number in the correspondence file. The block number
in the record in a top row shown in FIG. 5 is thereby
rewritten from “219,653” to “210,000.”

When a new file is generated in the file system, and
recorded in the auxiliary storage device 2, the update pro-
cessing section 104 adds a relation between the block
number of a data block and the inode number of an inode
managing the data block as a new record to the correspon-
dence file. In addition, when a file is deleted, the update
processing section 104 deletes a corresponding record from
the correspondence file. Therefore, the update processing
section 104 can maintain the block numbers in the corre-
spondence file in the latest state, and complete an inode
metadata update in a short time whenever compaction
processing may be performed.

The present technology has been described above on the
basis of embodiments thereof. The embodiments are illus-
trative, and it is to be understood by those skilled in the art
that combinations of constituent elements and processing
processes of the embodiments are susceptible of various
modifications and that such modifications also fall within the
scope of the present technology. In the embodiments,
description has been made of a case where the save data
regions of a game are subjected to compaction processing.
However, without being limited to save data, the present
technology is applicable to cases where the recording
regions of readable/writable data are subjected to compac-
tion processing. In addition, without being limited to the
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data of games, the present technology is also applicable to
cases where the recording locations of data of other appli-
cations are changed.

The present disclosure contains subject matter related to
that disclosed in Japanese Priority Patent Application JP
2013-228810 filed in the Japan Patent Office on Nov. 1,
2013, the entire content of which is hereby incorporated by
reference.

What is claimed is:

1. An information processing device, comprising:

a memory containing a plurality of data blocks constitut-

ing a computer data file;

a file management system comprising a direct index table

containing a plurality of metadata entries, wherein:

(1) each of a subset of the plurality of metadata entries of

the direct index table containing a data block number
reference to a respective one of a base subset of the
plurality of data blocks, and

(ii) when a totality of the plurality of data blocks of the

computer data file is too large to be referenced by the
subset of the plurality of metadata entries of the direct
index table, then a first of the plurality of metadata
entries outside the subset of the plurality of metadata
entries of the direct index table, contains an indirect
index table number reference to a first indirect index
table containing a plurality of metadata entries, each
metadata entry of the first indirect index table contain-
ing a data block number reference to a respective one
of a first subset of the plurality of data blocks outside
the base subset of the plurality of data blocks; and

a defragmenting system comprising a correspondence

table including a plurality of entries, one entry for each
of the plurality of data blocks of the computer file, each
entry including a respective one of the block number
references stored in association with a respective indi-
cator flag and a respective index number, and the
respective index flag indicating whether the respective
index number references the direct index table or
references the first indirect index table, wherein the
defragmentation system operates to:

determine that at least one of the data blocks stored in the

memory is to be moved from a current location to a new
location,

search the correspondence table for entry containing the

data block number reference for the at least one of the
data blocks,
obtain the respective indicator flag and the respective
index number for the at least one of the data blocks,

change the data block number reference for the at least
one of the data blocks to a new data block reference
number in accordance with the determination that the at
least one of the data blocks is to be moved from the
current location to the new location,

change the data block number reference in the correspon-

dence table for the at least one of the data blocks to the
new data block reference number, and

change the metadata entry of the direct index table or the

first indirect index table referenced by the index num-
ber for the at least one of the data blocks to include the
new data block reference number.

2. The information processing device of claim 1, wherein:

when the totality of the plurality of data blocks of the

computer data file is too large to be referenced by the
subset of the plurality of metadata entries of the direct
index table and the plurality of metadata entries of the
first indirect index table, then a second of the plurality
of metadata entries outside the subset of the plurality of
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metadata entries of the direct index table, contains an
indirect index table number reference to a second
indirect index table containing a plurality of metadata
entries,

each metadata entry of the second indirect index table
contains a reference to a respective double indirect
index table among a first plurality of double indirect
index tables,

each of the respective double indirect index tables among
the first plurality of double indirect index tables con-
tains a plurality of metadata entries, each metadata
entry of a respective one of the first plurality of double
indirect index tables contains a data block number
reference to a respective one of a plurality of second
subsets of the plurality of data blocks outside the base
subset and the first subset of the plurality of data
blocks.

3. The information processing device of claim 2, wherein:

the respective index flag of each entry of the correspon-
dence table indicates whether the respective index
number references the direct index table, the first
indirect index table, the second indirect index table, or
one of the first plurality of double indirect index tables;
and

the defragmentation system operates to change the meta-
data entry of the direct index table, the first indirect
index table, the second indirect index table, or the one
of the first plurality of double indirect index tables
referenced by the index number for the at least one of
the data blocks to include the new data block reference
number.

4. The information processing device of claim 2, wherein:

when the totality of the plurality of data blocks of the
computer data file is too large to be referenced by the
subset of the plurality of metadata entries of the direct
index table, the plurality of metadata entries of the first
indirect index table, the plurality of metadata entries of
the second indirect index table, and the plurality of
metadata entries of the first plurality of double indirect
index tables, then a third of the plurality of metadata
entries outside the subset of the plurality of metadata
entries of the direct index table, contains an indirect
index table number reference to a third indirect index
table containing a plurality of metadata entries,

each metadata entry of the third indirect index table
contains a reference to a respective double indirect
index table among a second plurality of double indirect
index tables,

each of the respective double indirect index tables among
the second plurality of double indirect index tables
contains a plurality of metadata entries, each metadata
entry of a respective one of the second plurality of
double indirect index tables contains a data block
number reference to a respective one of a plurality of
third subsets of the plurality of data blocks outside the
base subset, the first subset, and the plurality of second
subsets of the plurality of data blocks.

5. The information processing device of claim 4, wherein:

the respective index flag of each entry of the correspon-
dence table indicates whether the respective index
number references the direct index table, the first
indirect index table, the second indirect index table, one
of the first plurality of double indirect index tables, or
one of the second plurality of double indirect index
tables; and

the defragmentation system operates to change the meta-
data entry of the direct index table, the first indirect
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index table, the second indirect index table, the one of
the first plurality of double indirect index tables, or the
one of the second plurality of double indirect index
tables referenced by the index number for the at least
one of the data blocks to include the new data block
reference number.

6. A method, comprising:

storing a plurality of data blocks constituting a computer
data file in a memory;

providing a direct index table containing a plurality of
metadata entries, wherein:

(1) each of a subset of the plurality of metadata entries of
the direct index table containing a data block number
reference to a respective one of a base subset of the
plurality of data blocks, and

(ii) when a totality of the plurality of data blocks of the
computer data file is too large to be referenced by the
subset of the plurality of metadata entries of the direct
index table, then a first of the plurality of metadata
entries outside the subset of the plurality of metadata
entries of the direct index table, contains an indirect
index table number reference to a first indirect index
table containing a plurality of metadata entries, each
metadata entry of the first indirect index table contain-
ing a data block number reference to a respective one
of a first subset of the plurality of data blocks outside
the base subset of the plurality of data blocks;

providing a correspondence table including a plurality of
entries, one entry for each of the plurality of data blocks
of the computer file, each entry including a respective
one of the block number references stored in associa-
tion with a respective indicator flag and a respective
index number, and the respective index flag indicating
whether the respective index number references the
direct index table or references the first indirect index
table; and

defragmenting the stored plurality of data blocks by:

determining that at least one of the data blocks stored in
the memory is to be moved from a current location to
a new location,

searching the correspondence table for entry containing
the data block number reference for the at least one of
the data blocks,

obtaining the respective indicator flag and the respective
index number for the at least one of the data blocks,

changing the data block number reference for the at least
one of the data blocks to a new data block reference
number in accordance with the determination that the at
least one of the data blocks is to be moved from the
current location to the new location,

changing the data block number reference in the corre-
spondence table for the at least one of the data blocks
to the new data block reference number, and

changing the metadata entry of the direct index table or
the first indirect index table referenced by the index
number for the at least one of the data blocks to include
the new data block reference number.

7. The method of claim 6, wherein:

when the totality of the plurality of data blocks of the
computer data file is too large to be referenced by the
subset of the plurality of metadata entries of the direct
index table and the plurality of metadata entries of the
first indirect index table, then a second of the plurality
of metadata entries outside the subset of the plurality of
metadata entries of the direct index table, contains an
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indirect index table number reference to a second
indirect index table containing a plurality of metadata
entries,

each metadata entry of the second indirect index table
contains a reference to a respective double indirect
index table among a first plurality of double indirect
index tables,

each of the respective double indirect index tables among
the first plurality of double indirect index tables con-
tains a plurality of metadata entries, each metadata
entry of a respective one of the first plurality of double
indirect index tables contains a data block number
reference to a respective one of a plurality of second
subsets of the plurality of data blocks outside the base
subset and the first subset of the plurality of data
blocks.

8. The method of claim 7, wherein:

the respective index flag of each entry of the correspon-
dence table indicates whether the respective index
number references the direct index table, the first
indirect index table, the second indirect index table, or
one of the first plurality of double indirect index tables;
and

the defragmenting includes changing the metadata entry
of the direct index table, the first indirect index table,
the second indirect index table, or the one of the first
plurality of double indirect index tables referenced by
the index number for the at least one of the data blocks
to include the new data block reference number.

9. The method of claim 7, wherein:

when the totality of the plurality of data blocks of the
computer data file is too large to be referenced by the
subset of the plurality of metadata entries of the direct
index table, the plurality of metadata entries of the first
indirect index table, the plurality of metadata entries of
the second indirect index table, and the plurality of
metadata entries of the first plurality of double indirect
index tables, then a third of the plurality of metadata
entries outside the subset of the plurality of metadata
entries of the direct index table, contains an indirect
index table number reference to a third indirect index
table containing a plurality of metadata entries,

each metadata entry of the third indirect index table
contains a reference to a respective double indirect
index table among a second plurality of double indirect
index tables,

each of the respective double indirect index tables among
the second plurality of double indirect index tables
contains a plurality of metadata entries, each metadata
entry of a respective one of the second plurality of
double indirect index tables contains a data block
number reference to a respective one of a plurality of
third subsets of the plurality of data blocks outside the
base subset, the first subset, and the plurality of second
subsets of the plurality of data blocks.

10. The method of claim 9, wherein:

the respective index flag of each entry of the correspon-
dence table indicates whether the respective index
number references the direct index table, the first
indirect index table, the second indirect index table, one
of the first plurality of double indirect index tables, or
one of the second plurality of double indirect index
tables; and

the defragmenting includes changing the metadata entry
of the direct index table, the first indirect index table,
the second indirect index table, the one of the first
plurality of double indirect index tables, or the one of
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the second plurality of double indirect index tables
referenced by the index number for the at least one of
the data blocks to include the new data block reference
number.

11. A non-transitory, computer readable storage medium

5

14

metadata entries of the direct index table, contains an
indirect index table number reference to a second
indirect index table containing a plurality of metadata
entries,

each metadata entry of the second indirect index table

containing a computer program, which when executed by a
computer system, causes the computer system to carry out
actions, comprising:

contains a reference to a respective double indirect
index table among a first plurality of double indirect
index tables,

storing a plurality of data blocks constituting a computer

each of the respective double indirect index tables among

data file in a memory; 10 the first plurality of double indirect index tables con-
providing a direct index table containing a plurality of tains a plurality of metadata entries, each metadata
metadata entries, wherein: entry of a respective one of the first plurality of double
(1) each of a subset of the plurality of metadata entries of indirect index tables contains a data block number
the direct index table containing a data block number reference to a respective one of a plurality of second
reference to a respective one of a base subset of the 15 subsets of the plurality of data blocks outside the base
plurality of data blocks, and subset and the first subset of the plurality of data
(ii) when a totality of the plurality of data blocks of the blocks.
computer data file is too large to be referenced by the 13. The non-transitory, computer readable storage
subset of the plurality of metadata entries of the direct medium containing a computer program of claim 12,
index table, then a first of the plurality of metadata 20 wherein:
entries outside the subset of the plurality of metadata the respective index flag of each entry of the correspon-
entries of the direct index table, contains an indirect dence table indicates whether the respective index
index table number reference to a first indirect index number references the direct index table, the first
table containing a plurality of metadata entries, each indirect index table, the second indirect index table, or
metadata entry of the first indirect index table contain- 25 one of the first plurality of double indirect index tables;
ing a data block number reference to a respective one and
of a first subset of the plurality of data blocks outside the defragmenting includes changing the metadata entry
the base subset of the plurality of data blocks; of the direct index table, the first indirect index table,
providing a correspondence table including a plurality of the second indirect index table, or the one of the first
entries, one entry for each of the plurality of data blocks 30 plurality of double indirect index tables referenced by
of the computer file, each entry including a respective the index number for the at least one of the data blocks
one of the block number references stored in associa- to include the new data block reference number.
tion with a respective indicator flag and a respective 14. The non-transitory, computer readable storage
index number, and the respective index flag indicating medium containing a computer program of claim 12,
whether the respective index number references the 35 wherein:
direct index table or references the first indirect index when the totality of the plurality of data blocks of the
table; and computer data file is too large to be referenced by the
defragmenting the stored plurality of data blocks by: subset of the plurality of metadata entries of the direct
determining that at least one of the data blocks stored in index table, the plurality of metadata entries of the first
the memory is to be moved from a current location to 40 indirect index table, the plurality of metadata entries of
a new location, the second indirect index table, and the plurality of
searching the correspondence table for entry containing metadata entries of the first plurality of double indirect
the data block number reference for the at least one of index tables, then a third of the plurality of metadata
the data blocks, entries outside the subset of the plurality of metadata
obtaining the respective indicator flag and the respective 45 entries of the direct index table, contains an indirect
index number for the at least one of the data blocks, index table number reference to a third indirect index
changing the data block number reference for the at least table containing a plurality of metadata entries,
one of the data blocks to a new data block reference each metadata entry of the third indirect index table
number in accordance with the determination that the at contains a reference to a respective double indirect
least one of the data blocks is to be moved from the 50 index table among a second plurality of double indirect
current location to the new location, index tables,
changing the data block number reference in the corre- each of the respective double indirect index tables among
spondence table for the at least one of the data blocks the second plurality of double indirect index tables
to the new data block reference number, and contains a plurality of metadata entries, each metadata
changing the metadata entry of the direct index table or 55 entry of a respective one of the second plurality of

the first indirect index table referenced by the index
number for the at least one of the data blocks to include
the new data block reference number.

12. The non-transitory, computer readable storage

double indirect index tables contains a data block
number reference to a respective one of a plurality of
third subsets of the plurality of data blocks outside the
base subset, the first subset, and the plurality of second

medium containing a computer program of claim 11, 60
wherein:
when the totality of the plurality of data blocks of the
computer data file is too large to be referenced by the
subset of the plurality of metadata entries of the direct
index table and the plurality of metadata entries of the 65
first indirect index table, then a second of the plurality
of metadata entries outside the subset of the plurality of

subsets of the plurality of data blocks.

15. The non-transitory, computer readable storage
medium containing a computer program of claim 14,
wherein:

the respective index flag of each entry of the correspon-

dence table indicates whether the respective index
number references the direct index table, the first
indirect index table, the second indirect index table, one
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of the first plurality of double indirect index tables, or
one of the second plurality of double indirect index
tables; and

the defragmenting includes changing the metadata entry
of the direct index table, the first indirect index table, 5
the second indirect index table, the one of the first
plurality of double indirect index tables, or the one of
the second plurality of double indirect index tables
referenced by the index number for the at least one of
the data blocks to include the new data block reference 10
number.



